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Sercos- Introduction

Sercos- Introduction

About SERCOS | Supported Drives

About the MEI SERCOS Controller

(&) ToP

The SERCOS/XMP Series controllers from MEI are an extension of the XMP Series motion
controllers. XMP Series motion controllers support analog motion control outputs, encoder
inputs, and discrete digital 1/0. SERCOS/XMP Series motion controllers replace these signals
with the SERCOS digital fiber optic network interface. The SERCOS interface only requires
two fiber optic connections (one output and one input) to connect to afiber loop containing
up to 8 axes of motion.

Both SERCOS and standard XM P Series controllers share the same basic hardware
architecture, onboard firmware, host software and many other features. So, for controller
installation procedures, Motion Console application and C programming information, use the
XMP' s standard documentation.

However, because the SERCOS IDNSs are actually implemented in the drive (and not in the
controller), there are many SERCOS functions not documented in the XM P documentation,
because they are in the drive’ s documentation (because these functions are associated with the
drive and not the controller). Motion Engineering adheres to the specifications set forth by the
IEC concerning SERCOS. For more information regarding SERCOS or the SERCOS
specification, please contact SERCOS N.A at www.Sercos.com.

Supported Drives / Modules

(&) ToP

MEI currently supports drive and 1/0 modules from avariety of manufacturers. If you desire
support for adrive or I/0 vendor not listed, please contact MEI.

Manufacturer Device

Indramat Servo Drives
Modicon Servo Drives

Lutze Digital I/0 Modules
Pacific Scientific Servo Drives
Kollmorgen Servo Drives

Sanyo Denki Servo Drives
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Sercos- Overview

Summary

Summary | Operation Modes | Closed-Loop Tuning | Data Transmission

SERCOS (SEria Real-time COmmunication System) is the international standard for optical communication
between motion control units and drive modules. It was developed by the International Electrotechnical
Commission (IEC) specifically for motion control and is defined by the IEC 1491 standard. SERCOS
supports data rates up to 16 Mbits/sec over afiber optic ring. Data can be transmitted deterministically in real
time based on the loop update rate (cyclic), or at lower bandwidths for less critical operations (non-cyclic). A
SERCOS-compatible communication ring must have a single controller (master) and 1 - 254 drive or 1/0
modules (slaves).

Also, data communication can be performed in either a synchronous or asynchronous manner. The protocol
allows the user to configure the communication telegrams to send whatever data is appropriate synchronously.
Data that has not been configured to reside in the communication telegrams can be sent or retrieved
asynchronously by use of a Service Channel contained within the communication telegrams. Generally,
synchronous dataiis data that is critical to real-time operation (e.g., command and feedback data, status).

SERCOS isaunidirectional serial communications protocol for connecting multiple drives (Slaves) to a
motion controller (Master) over afiber optic ring, in an industrial environment. The control and status
information is organized into telegrams, and travelsin a serial data stream around the SERCOS ring. All
messages are synchronized according to the SERCOS cycle time, the timing of which is configured during
initialization by the Master. Each Slave on the ring repeats the telegrams sent to it, sending them to the next
device on thering, and inserting its own telegram into the designated time slot in the serial data stream.

Starting at the output port of the Master, the devices are connected in the ring in a daisy-chain fashion,
connecting from the output port of one device to the input port of the next device, and so on, until thering is
closed back at the input port of the Master. Up to 254 drives can be connected on a SERCOS ring, although
the systems requirements for update rates and datawill usually limit the number of devices to many fewer
than that. SERCOS networks can operate at 2, 4, 8 or 16 Mbit/sec. Maximum distances from input port to
output port can be 60 meters (plastic fiber) to 250 meters (glass fiber).

Using multiple SERCOS rings, a molion confrol system
can be designed to almost any size or requirement.
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Operation Modes

(&) Tor

The SERCOS communication interface supports three main operation modes (Torque, Velocity and Position).
The operation mode defines the real-time digital messages sent between the controller and the drive(s).

Mode ToDrive To Controller

Torque 16 bit Command Torque 32 bit Actual Position
Velocity 32 bit Command Vel ocity 32 bit Actual Position
Position 32 bit Command Position 32 bit Actual Position

In addition to the main operation modes SERCOS supports several variations. Since the communication
interface is determined by the firmware/software in the controller and the firmware/software in the drive, the
real-time datais configurable.

Currently the SERCOS/X M P Series firmware/software supports several operation modes. Some operation
modes are drive specific while others are drive independent. Motion Engineering is constantly testing and
certifying compatibility between our controller and SERCOS-compatible drives.

Most drives support the three main operation modes (Torque, Velocity and Position). Please consult your
drive specific documentation regarding supported operation modes and variations.

In all modes, the controller calculates a 32-bit command position every sample. The command position is
based on the current command jerk, command accel eration and command vel ocity.

In Torque mode, the controller sends a 16-bit command torque to the drive. The drive sends a 32-bit actual
position back to the controller. Every sample, the controller calculates anew command torgque based on the
position error and the control algorithm. The controller closes the position and vel ocity loop and the drive
closes the torque loop.

In Velocity mode, the controller sends a 32-bit command velocity to the drive. The drive sends a 32-bit actua
position back to the controller. Every sample, the controller calculates anew command velocity based on the
position error and the control algorithm. The controller closes the position loop, and the drive closes the
velocity and torque loop.

In Position mode, the controller sends a command position to the drive. The drive sends a 32-bit actual
position back to the controller. Every sample, the controller calculates a new command position. The drive
closes the position, velocity and torque loop.

Closed-Loop Tuning

A general difference between SERCOS digital drives and conventional analog drivesisthat digital drives
have on-board intelligence and can close position or velocity loops within the drive. In all operation modes,
“tuning” requires setting parameters in the drive and the controller. Thus, an understanding of both the
controller and drive control algorithm is necessary for successful drive tuning.

The controller tuning parameters can be set using Motion Console (for Windows-based systems). For more
information on the controller’ s tuning procedures, please consult the Tuning section in the XMP Motion
Controller Hardware Installation manual.

The drive' s tuning parameters must be set viaIDNs, and the values are determined from information supplied
by the drive manufacturer. Please consult the drive-specific documentation for more information on the

drive’ stuning parameters. While Motion Engineering has considerable experience with the listed drives and
can generally offer tuning guidelines for drive parameters, difficult tuning situations may require support from
the drive vendor or manufacturer.
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In Velocity mode, the controller’'s CONTROL ALGORITHM output controls the motor’ s vel ocity.
Therefore, the drive’ s velocity loop must be tuned and the controller’ s position loop must be tuned. The
tuning procedure isidentical to a standard analog output XMP Series controller connected to a

vel ocity-controlled amplifier. Note that the controller’s Velocity Feed Forward term is very useful in
velocity-controlled systems.

In Position mode, the controller’s control algorithm is not used. The driveis responsible for the closed loop
control. Therefore, the drive’ s velocity and position loop must be tuned. The controller’ s tuning parameters
@ TOP have no effect on the system’ s response.

Data Transmission
SERCOS supports two types of data transmission, cyclic and non-cyclic.

Cyclic dataisthe critical real-time synchronized data sent between the Master and the Slaves (drives, 1/0
modules). In every SERCOS cycle, the Master sends and receives fixed-length messages to the drives and |/O
modules. These messages contain the motion control command signal and the feedback response for each
drive or the digital 1/0 commands and responses for each I/0O module. The cyclic data is guaranteed to reach
each drive and 1/0 module and return to the Master at afixed timeinterval, the SERCOS cycle.

Non-cyclic datais the noncritical asynchronous data. The cyclic fixed-length messages have space (called the
Service Channel) reserved for non-cyclic data. In each SERCOS cycle, the Master may transmit two bytes of
non-cyclic data through the Service Channel to each Slave. Note that it may require severa SERCOS cycles
for the Master to complete the transmission of the non-cyclic datato the Slaves. Typicaly, transmitting
non-cyclic datais much slower than cyclic data.

SERCOS cycles are built using telegrams, which in turn contain data records for al of the Slave drives. Cyclic
dataistransferred in the cyclic data part of the data records. Non-cyclic datais transferred in the Service
Channel of datarecords. Refer to the next figure.
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Sercos- Data Types

Summary | Data Block Structure | Data Block Structure of IDNs
» Element 1: IDNumbers

= Element 2: Name of Operation Data

= Element 3: Attributes of Operation Data

= Element 4: Operation Data Unit

= Element 5: Minimum Input VValue of Operation Data
= Element 6: Maximum Input Value of Operation Data
= Element 7: Operation Data

Summary

And datas in aslave that can be accessed by the host is represented by a data block. Data
blocks are assigned identification numbers (IDNs or “I1D numbers’). The data block consists
of information about the data; for example, IDNumber, name, attributes, units, min and max
values, and the operation data itself.

(&) ToP

Data Block Structure

The SERCOS protocol is designed to handle many different types of data, characterized by
two fundamental types: fixed length data and variable length data.

Fixed length datais either 2 bytes or 4 bytes wide and can be used to represent signed or
unsigned integers, hexadecimal values, binary codes, IDNumbers (identification numbers) of
other Data Blocks, and procedure commands.

The length of variable length data depends on what type of datais present, and is defined by
the first two words (32 bits), which specify the actual and maximum length of the data.
Variable length data can be used to represent character strings, lists of IDNumbers of Data
Blocks, lists of signed or unsigned integers (both 2 or 4 bytes wide), lists of hexadecimal
values, etc.

All data (fixed and variable length) can be sent or received viathe Service Channel. However,
only fixed length datais alowed to be configured into a communication telegram (MDT,
AT). When a communication telegram is configured to send or receive fixed length data, it is
only Element 7 data that will be either sent or received.

(&) ToP
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Data Block Structure of IDNs

Datais accessed through data blocks referred to as IDNs. An IDN consists of seven elements:

Element 1
Element 2

Element 3
Element 4
Element 5
Element 6

Element 7

IDNumber

Name

Attribute

Unit

Minimum Input
Maximum Input

Operation Date

All data exchanged between Master and Slaves has an IDNumber (IDN number) assigned to
it. Every IDN has an associated data block which consists of seven elements. The Master can
only write Element 7 data; the Master cannot write Elements 1 - 6. Elements 1 - 6 are defined

by the drive itself.

Element Description

1 IDNumber
(Identification
number)

2 Name

3 Attribute

4 Unit

5 Minimum input
value

6 Maximum input
value

7 Operation Data

(&) ToP

Data Type

binary

Expressed as either S-X-XXXX or
P-X-XXXX. S denotes IDNs that are defined
by the SERCOS Specification. P denotes IDNs
that are defined by the manufacturer of the
device.

variablelength string
Contains the name of the IDN.

32 bit binary

Contains information about conversion factors
and data representation (signed or unsigned
integer, fixed or variable length data, etc.)

variablelength string
Contains a representation of the units for the
data.

1 or 2 words

1 or 2 words

1 or 2 words, or string
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Element 1: IDNumbers
Each Data Block has a number assigned to it for identification purposes, called the IDNumber. The
IDNumber is represented as either S-X-XXXX or P-X-XXXX. S denotes a Data Block that is
defined by the SERCOS Specification. P denotes a Data Block that is defined by the manufacturer.
Thefirst ‘X’ identifies the “data set” that the Data Block belongsto. According to the SERCOS
Specification, it is possible to switch between data sets.

15 14 12 1 8 7 4 3 0
X -y -ZZIZ Xy |y |y z|z|lz |2 Z|lZz|Zz ]| = ra fral e |
| L | I
Cata Block Mumber
Parameter Set Data Block Number
Parameter Set ype of IDN

ype of IDN
Bits Name Values

15 Type of IDN 0 S- Standard data

1 P - Product-specific dataasthe“S’ or “P’
part of the IDN notation S-y-zzzz or P-y-zzzz.

14-12 Parameter Set 0- 7, asthe“y” part of the IDN notation
Sy-zzzz or P-y-zzzz.

11-0 DataBlock Number 0 - 4095, asthe “zzzz” part of the IDN notation
Sy-zzzz or P-y-zzzz.

(&) ToP

Element 2: Name of Operation Data
The name of operation datais 64 bytes maximum, with 2 length specifications of 2 bytes
each, and a character string of 60 characters maximum. Bytes 1 and 2 contain the number
of charactersin the text. Bytes 3 and 4 contain the maximum number of charactersin the
text. Since this element is READ-Only, bytes 3 and 4 will contain the same values as bytes

1land 2.

Length of Name in bytes

Bytes 1, 2 .

I 1 | 0 Eﬂb}'ies 1 B'j'i&"iﬂﬂ‘-ﬁﬂ
M Byte 2 is alwayz 0
A0, Name (Text) Byte 3 is 0 - 60

. Byte 4 is alwayz 0
Bytes 3, 4
@ Tor Max available Length of Name in bytes

Element 3: Attributes of Operation Data
Every data block has an attribute (4 bytes) which contains all of the information required to
display operation data, using universal routines. If data needsto be scaled (to be displayed), then
specific scaling parameters are supplied in the attribute.
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4 byfles

Bits
31
30

29

28

27-24

23
22-20

19
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23 19 _
31-28 27-24  22-20  18-18 15-0
rrrr r
L 11 1 1 1 L 1 1
Reserved Decimal Data Conversion factor
point length

Cata type ! Display format

Name

Reserved

Phase 4 write-protection
bit.

Phase 3 write-protection
bit.

Phase 2 write-protection
bit.

Number of places after
the decimal point
Indicates the position of
the decimal point in the
data to be displayed.
Basicaly, it'sthe
exponent “x” in 10-x.

Reserved

Data Type & Display
Format Used to convert
the operation data, and
min/max input valuesto
the correct display
format.

Function of Operation
Data

Indicates whether this
data calls a procedure in
adrive

Data function

Values

1 = write-protected

1 = write-protected

1 = write-protected

000 No places after decimal point
001 1 place after decimal point

010 2 places after decimal point *
111 15 places after decimal point

Data Type

000 binary number
001 unsigned integer
010 integer

011 unsigned integer
100 extended char set
101 unsigned integer
010 Reserved

111 Reserved

Display Format

binary

unsigned decimal

signed decimal hexadecimal
text

IDN number

0 Operation data or parameter 1 Procedure command
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18-16 DataLength 000 Reserved
. 001 Operation datais 2 byteslong
= _data lengihiis 010 Operation data is 4 bytes long
requweql so that the 011 Reserved
g I able_to 100 Variable length with 1-byte data strings
complete Service 101 Variable length with 2-byte data strings
Channel datatransiers 110 v/ariaple length with 4-byte data strings
correctly. 111 Reserved
15-0 Conversion Factor An unsigned integer used to convert numeric data to
(&) ToP display format. Is set to 1 when it is not needed for data

display (e.g., binary display or a character string).

Element 4: Operation Data Unit
The operation data unit is 16 bytes maximum, with 2 length specifications of 2 bytes each,
and a character string of 12 characters maximum. Bytes 1 and 2 contain the number of
charactersin the text. Bytes 3 and 4 contain the maximum number of charactersin the text.
Since this element is READ-Only, bytes 3 and 4 will contain the same values as bytes 1 and

2.

Length of Mame in byles

Bytes 1, 2 i

r 1 T 012 byles 1 Byie 1 is low byte
TETT 6 Byte 2 is high byie
1 i] I ? Unit (Text) Byle 2 is low byte

e — Byie 4 iz high byie
Bytes 3, 4

Max available Length of Unit in bytes

&) Top

Element 5: Minimum Input Value of Operation Data
The minimum input value is the smallest numerical value for operation data that the drive can
process. When the Master writes avalue to the drive that is less than the minimum value, the
drive ignoresit and continues to use the previous operation data.

When the operation data is of variable length or a binary number is used, there is no minimum
input value of operation data.

(&) 0P

Element 6: Maximum Input Value of Operation Data
The maximum input value is the largest numerical value for operation data that the drive can
process. When the Master writes avalue to the drive that is more than the maximum value, the
drive ignoresit and continues to use the previous operation data.

When the operation data is of variable length or a binary number is used, there is no maximum
input value of operation data.

(&) ToP
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Element 7. Operation Data

In terms of length, there are 3 types of operation data:

o fixed length with 2 bytes

o fixed length with 4 bytes

o variable length up to 65,532 bytesin 1 byte (char), 2 byte, or 4 byte values
Bytes 1 and 2 contain the number of bytesin the text. Bytes 3 and 4 contain the max number
of bytes available in the text. Datain the text may be 1 byte, 2 bytes, or 4 bytes wide.

Length of Operation Data

In bytes 0 - 80 byte
. vies .
Bytes 1, 2 ified tes 2 4 Byte 1 is low byte
o= te  {asspecfiedbybyles3 4) glie 2is high byte
LR LA Byte 3 is low byle
L0008 Name (Text) Byle 4 is high byte
L1
Bytes 3, 4 Length is from

Max available Length of Operation Data in byles 1 to 65,532 (FFFCH)

Introduction | Overview | Data Types | Communications | Procedures | Telegrams | Topologies
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Sercos- Communications

Synchronization | Ring Timing | Initialization

Synchronization

The Master is responsible for sending a synchronization telegram (MST) at the beginning of each communication
cycle. All Slaves (drives) will receive the MST and reset their clocks. In thisway, all Slaves will run in phase lock
with the Master’ s clock. Because all Slaves are in phase lock with the Master’ s clock, commands can be made
activein all of the Slaves at the same instant. This means that the Master can coordinate motion between all axes

without propagation effects distorting the motion profile. Feedback from the Slavesis handled in a similar manner,
and islatched in al Slaves at the same instant.

@ Tor

Ring Timing
Datais sent and received by the Master and Slaves through communication telegrams. The communication telegrams are
organized over the SERCOS cycle in the manner shown in the next figure.

The SERCOS ring timing is based on the data to be placed in the telegrams (AT, MDT), and on 6 drive parameters that are
determined by the type and features of adrive (or drives), and 6 parameters that are written from the Master, with some of
these parameters derived or calculated from the drive’ stiming parameters. The times at which the MDT and AT are sent
(relative to the sending of the MST) are determined by the Master and sent to the Slaves during initialization.

During Phase 2, the Master reads parameters from the drives that determine what and when the drives are able to transmit and
receive. Using this information and the desired telegram contents, baud rate and cycle time, the Master determines the timing
and telegram parameters for each drive. The Master then writes these parameters to the drives.

TA=T Scyc-T5 Min Feedback Froc Time
. ) ODRIVE
e
T a7y Feedback Acquisition Capture Point =I ' T5 -
T4 signals the start of feedback processing, and T4 must occur
must occur 5o that there is enough time for pro-  before T_5 Starts
cessing to finish before the end of the next MST.
Control Unit Cycle Time J
T_Neye -CETD T_Neye=n"T_Syc (n=1,2,3..) |
Comm Cycle Time
T_Seye HEZE o =)
MDT Starting Time | Tinning withen by Master
T 2=
- T 22T1,+ T_ATMT, 1‘:_;2:2 gg;
Min AT Tx T 50-6
Saring Time = ooar
DRIVE DRIVE DRIVE THTSY I T4 S0
| -[555]  spewieSoE] -
[msT] [AT0] [AT1] [AT,] MDT [msT |
Tiq _ﬂm | i m Ez=l
T14 | 7 Timing that is determined
T1n AT Tx Starting Times ORMNE by U D invie
T 1 5-0-3
T1,=T1_min, =T s s0s
Tr-e-Te Transian Time T_F\TF\T £.087
T_ATMT  S-04
ime! SLIL T3 must oo T MTSY 5058
T 32T 2+ TMTSG + MDT Txtime 13 st o TWTESE =090
TG and betm
Crnel Makie Vakd Time shart af ped
T—S (=2 T3 sgrals the tme when the commands are vald MST

! MDT Ty fime desends an e number ol shaves and Be amourt of data sent
o e slaves. The Masher must calculate the MDT Talime dudng Phase 2

For a print-friendly version of the above diagram, click here.
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Initialization

http://support.motioneng

Before true synchronous data transmission can occur, the system must first be initialized. Thisis done through a
series of communication phases (or just phases) in which dataiis first transmitted asynchronously. The data
transmitted during these early phasesis used to configure the Master and Slaves for synchronous data
transmissions in later phases. The SERCOS protocol defines five phases.

Phase Name Action
0 Ring Verification Master verifiesring closure
1 Device Verification Master verifies devices on ring
2 Telegram Set-Up Master reads timing data from slaves and
sets up telegram timing
3 Device Parameterization Master continues to configure devices
4 Cyclic Operations Master commands devices cyclically

On power-up, each drive or 1/0 module begins an initialization sequence. At thistime, each drive and 1/0 module
operates as a repeater, by simply passing received telegrams to the next device on the SERCOS ring.

The Master is only allowed to set the communication phase to the next logical communication Phase (Phase 0 ->
Phase 1 -> Phase 2 -> Phase 3 -> Phase 4) or directly back to Phase 0. If at any time the Master attemptsto
switch a Slave into a Phase that is not the next logical Phase, then the Slave will immediately return to Phase O. If
at any time the Slave receivestwo invalid MSTs or MDTs consecutively, the Slave will also switch to Phase 0.
Phase 0:

Ring Verification

-

e

Master

The Masier sends
* sychronizaiion fele-
o grans (MSTE) o
+  the slaves

| ol nl ol
|

b | b |
'EI

During Phase 0 no data is exchanged between the Master and the Slaves. All Slaves must be in “repeater” mode.
This means that each Slave will retransmit any signal that it receives. In order to verify that the communications
ring isintact and capable of sending telegrams, the Master begins sending Master Synchronization Telegrams
(MST) through the SERCOS ring.

The Slaves (drives) simply passthe MST to the next drive in the daisy-chained ring, and eventually because of the
ring topology, the MST returns to the Master (i.e., Master will receiveits own MST). Phase 0 is completed when
the Master receives 10 consecutive MSTs. After the tenth consecutive MST, the Master changes the phase
information in the MST to 1, which commands all Slavesto switch into Phase 1 operations.

Phase 1:

*£--al

Device Verification

o

Master

The Master addresses and
*,  talks with each Slave sep-
*  arately, to verify that all
+  target slaves are present
4 and onling.

100 - 300 pusec

I 500 - 700 psec
| al _q k_ al al
i | | |
B ] =] 7T e Y sy W e [z N e N | MO |
Drive Drive Dirive Drrive Drive Dirive
Address 1 Address 1 Address 2 Address 2 Address 3 Address 3
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During Phase 1, the Master sends out an MDT with the address of a specific Slave in the system. If present within
the system, the Slave with the specified address responds by sending an AT back to the Master. The AT that is sent
isrudimentary and is intended solely as a confirmation that the addressed Slave is in the system. The Master then
repeats this query for al target Slaves. (Note that not all Slavesin the system will be target Slaves. Target Slaves
are chosen by the application before initialization begins.)

When the Master receives an AT from each target Slave (in response to a query), the Master changes the phase
information in the M ST to 2, which commands all Slavesto switch into Phase 2 operations.

Phase 2:

TELEGRAM SET-UP

- The Master addresses and reads drive
parameters from each Slave separately.

*+ Using each drive's data, the Master

| calculates and then writes timing para-

. meters to each Slave separately, that
tell each Slave where to insert their ATs
in the SERCOS cycle, and where to
find their Data Record in the MDT.

Master

I

I 500 - 700 peec I
1

N |
|
[xoT] | i |
Read Read Read
Slave 1 Slave 1 Slave 2
Data Data Data

During Phase 2, the Master sets up the configurable data portion and cal culates the duration and time slots within
the SERCOS cycle for all telegramsto be used in Phases 3 and 4. The Master also determines the slave operation
mode for all Slaves. In order to do this, the Master requires certain data from the Slaves. The Master obtains this
data by sending an MDT addressed to a specific Slave, that usesthe MDT’ s Service Channel to query the Slave for
the required data

The Slave responds by sending an AT containing the appropriate data, in the AT’ s Service Channel. Once the
Master has determined all parameters, it sends them to each Slave viathe MDT’ s Service Channel. In Phase 2, the
Service Channel isactivein both MDTsand ATs.

Once dl datais transmitted to the Slaves, the Master will initiate the Communication Phase 3 Transition Check
S-0-127 procedure for each Slave.

The Communication Phase 3 Transition Check checksthe validity of all the data, and if all the dataisvalid, then
the procedure executes successfully. If any datais not valid, the procedure fails and the IDN number of the invalid
datais placed in IDN-List of Invalid Operation Data for CP2 S-0-21.

After all Slaves have completed the procedure successfully, the Master changes the phase information in the MST
to 3, which commands all Slaves to switch into communication Phase 3.
Phase 3:

Device Parameterization

- All communication telegrams are
now valid. To continue configuring
the drives, the Master writes app-
lication commands and parameters
over the Service Channel.

ATs and MDTs are sent cyclically,

but cyclic data is not valid.

Master

Slavc?

TTmmeeea

ul ol ul |
il | 1 il | lll
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@ Tor

In Phase 3, the real-time synchronous and asynchronous communication starts, and the Master uses the Service
Channel to configure and parameterize (write parameters to) the Slaves. The parameters set in Phase 3 are
application-oriented (e.g., conversion factors). During Phase 3, all communication telegram parameters sent in
Phase 2 become active. Note that although Configurable Data (in ATs and MDTS) is present in the communication
telegrams, some of that Configurable Data may not be valid until Phase 4.

The Master will till send the MST at the beginning of the SERCOS cycle, but will now also send an MDT with a
global address at a specific time (all Slaves will receive a global telegram). Each Slave will transmit its AT during
its specified time slot. The communication telegrams now contain the Control/Status Word, a Service Channel, and
the Configurable Data.

When the Master has finished sending parameters to the Slaves, it will initiate the Communication Phase 4
Transition Check S-0-128 procedure for each Slave.

The Communication Phase 4 Transition Check checks the validity of all the data, and if all the datais valid, then
the procedure executes successfully. If any datais not valid, the procedure fails and the IDN number of the invalid
datais placed in IDN-List of Invalid Operation Data for CP3 S-0-22.

If the Communication Phase 4 Transition Check executes successfully and the Phase information in the MST is
equal to 4, the Master switches the drives to Phase 4.
Phase 4.

Cyclic Operations

Master

Dirive initialization is finished
Cyclic data in MDTs and ATs are
now valid. The drives can now be
enabled and commanded.

ol M|
| "

[T o ] (0T () e ) (e (T) () ) ) e [T [T () e ] [T

In Phase 4, afinal verification of error-free drive operation is completed. This completes the drive initialization.
The SERCOS communication loop is now operational. During Phase 4, all Control/Status words, Service
Channels, and Configurable Data (in ATs and MDTs) are valid for the target Slaves. The Slaves (drives) are ready
to follow commands when enabled. Diagnostics (errors, warnings, status) are enabled.

Introduction | Overview | Data Types | Communications | Procedures | Telegrams | Topologies
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Sercos- Procedures

Summary
Many Slaves (drives) come with preprogrammed procedures that the Slave is able to execute
without assistance from the Master. Each of these proceduresis assigned a Data Block. The
Master controls a procedure by reading and writing to Element 7 of the procedure’ s Data
Block. The Master can initiate, interrupt, or cancel a procedure at any time by setting or
clearing bitsin Element 7 of the procedure’ s Data Block.

Bits 0 and 1 are responsible for respectively setting and enabling the procedure command.
Once set and enabled, the Slave will begin execution of the procedure. To indicate that the
procedure is executing, the Slave sets bit 2 of the procedure status word. When the procedure
has finished executing, the Slave clears bit 2 of the procedure status word and sets the
Procedure Command Change Bit in the Drive Status Word S-0-134. If an error has occurred
when executing the procedure, the Slave will set bit 3 of the procedure status word and will
also set the Procedure Command Change Bit in the Drive Status Word S-0-135. In either case
(successful execution or failure), the Master must cancel the procedure by clearing bits 0 and
1 of the procedure.

In SERCOS, in order for a Master to execute a procedure,

1. The Master writes 0x3 to Element 7 of the desired IDN procedure, which
sets and enables the procedure.

2. The Master reads the procedure status word and checks bits 2 & 3 to seeiif
the procedure has finished executing or if thereisan error.

3. After reading that the procedure has executed, the Master writes 0x0 to
Element 7 of the particular procedure, which cancels the procedure.

15 1

[

11 # 7 4 i o 1 0

From WRITE
Mastar Lf'm'nman.dﬁl ﬂ D D D D ﬂ D D U U EI ﬂ ﬂ D
Interrupt preccedure execution L
Enabile procedure execution 1
Cancel procedura 0
Set procedurs 1
15 12 1l ] 7 4 2 10
From READ 1o |pg|lo|0o| |o|o]|O 0/o0jo|0
Slave iStatus)

Operation data is valid lI
Operation data is not valid 1
Mo procedure eror
Error: procedure cannot execute 1
Frocedurs executed correctly
Procedurs not yet executed 1

Procedurs execution interrupted in drive 0
Frocedure execution enabled in drive 1

FProcedure not set in drive (by Master) 0
Procedure set in drive 1
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Sercos- Telegrams

Summary | BOF Delimiter | ADR Target Addresses | Message Field
FCS (Frame CHeck Sequence) | EOF (End of Frame) Delimiter | Data Record
Master Synchronization Telegram | Master Data Telegram | Amplifier Telegram

Summary
The controller (Master) communicates with the drives and I/O modules (Slaves) using telegrams. A
telegram is a structure that contains data, error checking and handshaking information. SERCOS

supports three types of telegrams: Master Synchronization Telegram (MST), Master Data Telegram
(MDT), and Amplifier Telegram (AT).

Each type of telegram contains 5 types of fields: BOF (beginning of frame), ADR (address),
message field, FCS (frame check sequence), EOF (end of frame).

Application DEla e

— SERCOS “Ouerhesd” =— |_ = SERCOS “Cwerhesd” g
Address :
BOF (ADR) Message Field FCS EOF I
1 byte 1 bwyte n bytes 2 bytes 1 byte

Telegrams travel in
one direction only.

D ...

e Master

Each SERCOS cycle can be visualized
as a stream of datatelegrams, where
devices insert their telegrams into the
siream at the proper time.

Master

IEIa'l.ru 1| |E|a'm El ISIawEl EI-I Each Slave reads its

data record in each

Each Slave “sees” every MST Drive Drrive I Drive I MDT.
and MOT fransmitted. Each Slave

waits until its proper ime fo
its AT to the Master.

@& Tor

BOF Delimiter

All telegrams have a BOF (beginning of frame) byte denoting the beginning of the telegram. The
BOF isaways 0111 1110.

7 4 3 0
tbyte |0 1|11 111]1]0
MSE LSEB

@ Tor
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ADR Target Addresses

All telegrams have an ADR (address) byte, which denotes the address of adrive (Slave). Ina
telegram from the Master, the address specifies which drive the information isfor. In atelegram
from a Slave (drive), the address specifies the sourcing drive. The target addresses for the drives are
valid if greater than 0 and less than 255. Typically, adrive’ s address is set using a selector located
physically on the drive.

Address 0 isthe “no station” address, and is sometimes used to remove a drive from the ring
logically, during troubleshooting. During non-cyclic operations (Phases O - 2), the Master can only
communicate with one drive per cycle. During cyclic operations (Phases 3, 4), the Master can
communicate with all drives.

From To Telegram  Non-Cyclic Cyclic
(Phases 0,1,2) (Phases3,4)
Master Slave MST 255 255
Master Slave MDT 1<ADR<255 955
Slave  Master AT 1<ADR< 254 1<ADR< 254
7 4 3 0

broadcast address = 11111111
no-station address = 00000000g

M5B LsB

(&) ToP

Message Field

Each Telegram (MST, AT, and MDT) contains a message field. The Message Field for the MST
consists of one 8-bit word. The lower three bits of the MST contain Phase information. The
Message Field for the AT consists of one Data Record. The Message Field for the MDT consists of
one Data Record if the MDT’ starget address is a specific drive. If the MDT’s Target addressis all
drives (255), then the Message Field for the MDT consists of one Data Record per drive in the
system.

(&) Tor

FCS (Frame Check Sequence)

All telegrams have a two-byte FCS number used to check data integrity. The frame check sequence
(16 bits) isimplemented according to 1SO/IEC 3309, 4.5.2.

15 12 L1 # 7 e i 0

2 bytes

MSE LSE

(&) ToP
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EOF (End of Frame) Delimiter

(&) Tor

All telegrams have an EOF byte denoting the end of the telegram. The EOF is always 0111 1110.

7 4 3 0
0111 111[(1]0
MSB LsE

Data Record

(&) ToP

Data Records are used by both the Amplifier Telegram (AT), and the Master Data Telegram
(MDT) to send data. Generally, a Data Record consists of a 16-bit Control/Status word, a 16-bit
Service Channel, and a Data Block of 16-bit words.

Control/Status Service Channel Data Block

2 bytes 2 bytes Length configured in Phase 2

Amplifier Telegrams contain only one Data Record, because each Slave sends its own Amplifier
Telegram.

During Phase 2, the Master sends a Master Data Telegram that is addressed to a specific Slave.
Since only one Slave isto receive the MDT, the Phase 2 MDT has only one Data Record. During
Phases 3 and 4, the Master sends a Master Data Telegram that is received by all Slaves on thering.
Since all Slaves receive the Master Data Telegram, the Phase 3-4 MDT has one Data Record for
each Slave.

During Phase 2, the Data Block in both the AT and the MDT has alength of 0. This means that all
data exchange between Master and Slave must take place using the Service Channel. Because the
Service Channel isonly 16-bits wide, data exchange can take multiple cycles. Service Channel
exchange of dataisreferred to as non-cyclic.

During Phase 2, the Master is responsible for determining the data fields for the Data Blocks in the
Phase 3-4 AT and MDT. The size and number of data fields will determine the size of the Data
Block. Once defined in Phase 2, the fields and therefore the size of the Data Block isfixed. The
datafieldsin the MDT usually contain command data. The datafieldsin the AT usually contain
feedback data. Because the Data Blocks are configured in Phase 2, there is no overhead using the
Data Blocks to send data in Phases 3 and 4. Data exchange using the Data Blocksis referred to as
cyclic.

Master Synchronization Telegram

The Master Controller uses master synchronization telegrams (MST) to coordinate its transmission
cycle timing with the Slaves. The Master initiates a SERCOS cycle by transmitting an MST to all of
the drives and 1/0 modules on the ring. The MST message field contains one 8-bit word, of which
the three lowest bits determine the communication phase of the system. The MST is sent at the
beginning of the SERCOS cycle in all communication phases.
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1 byte 1 byte 1 byte 2 bytes 1 byle

BOF ADR Message Field FCS | EOF

oo (o |00

Current Phase
Close the SERCOSring 0 O 0 PhaseO
Identify drives O 0 1 Phase 1
Verify drive timing 0 1 0 Phase 2
Cyclic parameterization 0 1 1 Phase3
Cyclic operations 1 ] 0 Phase4
Field Bytes Description
@ TOP BOF 1 Beginning of Frame. The BOF marks the start of atelegram.
ADR 1 The target address. In the MST, ADR = 255 (the broadcast
address) during Phases 3 and 4.
Current Phase 1 Thelower 3 bits designate the SERCOS phase (0 - 4)
FCS 2 Frame check sequence. The FCSfield contains circular

redundancy check (CRC) information.

EOF 1 End of Frame. The EOF marks the end of the telegram.

Master Data Telegram
During Phase 2, the Master must communicate with the Slavesin order to configure them for
operations in Phases 3 and 4. In order to send or request data, the Master will send a Master Data
Telegram (MDT) to a specific Slave (the Slave is addressed explicitly). Since only one Slave isto
receivethe MDT, the MDT Message Field contains only one Data Record, where the length of the
Data Block (inside the Data Record) is 0, i.e., the data block is empty. During Phase 2, the Master
sends data to each Slave via the Service Channel.

During Phase 2, the Master informs the Slave of the byte offset into the MDT at which the Data
Record resides for that Slave. The length (in bytes) of the Data Block within each Data Record
depends on the data fields configured by the Master during Phase 2. The data fields within the Data
Block usually contain command information.

During Phases 3 and 4, once per SERCOS cycle the Master sends a Master Data Telegram (MDT)
that has a global (broadcast) address. Because the global addressis used, all Slaves receive the
MDT. Since all Slaves will receivethe MDT, the MDT Message Field contains one Data Record for
each Slave in the system. During Phases 3 and 4, data is sent to a Slave by using the Data Blocks
(cyclic) or the Service Channel (non-cyclic).
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BOF ADR Message Field FCS | EOF
1 boyle 1 byte 2 bytes 1 bytle
MNon-cyciic Cyolbe ——
DN C ds Crrive Data
Confrol Waord Sarvice info Drive $ITII113I1 :: Record 1

Crive Data
Record 2

chnw| Word Sarvice info IDN Commands
Dirive 1
=

Senice Channgl ——— Operations Channeal
; IDN Commands Cirive Data
Control Ward Sernvice info Drive n Up tn 16 bytss Record 1
2 bytes 2 bytes

IDM list is defined by 5-0-24

In any single MOT's cyclic data portion, the
list of IDMs (which IDMs, and the order of the
list) is defined by 5-0-24.

S-0-axxx S-0-px P-0-yyyy P-0-yyyy
Bryle 1 Byte 2 Byt 1 Byte 2

L Element? — 1L Element7 ——— 1

Spead, torgue ar posifion commands

Field Size (bytes) Description

BOF 1 Beginning of Frame, which isaways 0111 1110.
The BOF marks the start of atelegram.

ADR 1 Target address. Inthe MDT, ADR = 255 (the
broadcast address).

*Control Word 2 Control word for drive n. Contains operational data.

*Service Info 2 Contains the non-cyclic datafor drive n.

*IDN Commands Variable** Containsthe cyclic datafor drive n.

FCS 2 Frame check sequence. Contains circular
redundancy check (CRC) info.

EOF 1 End of Frame, which isaways 0111 1110. The EOF

marks the end of the telegram.

* These fields comprise the data record. There is one data record per drivein the MDT.
** Thelength if the IDN Commands field is determined during Phase 2

Bit Name & Value More Detail
15 O Drive OFF Bit 15-13=111, the drive should follow
1 Drive ON command values.

When 1->0, the drive removes torque
from the motor, and allows the motor to

spin down.
14 0 Drive Disable When 1->0, torque is immediately
1 Drive Enable disabled, independent of bits 15 and 13.
13 0 Drive Halt
1 Drive Restart

12,11 Reserved
10 Control Unit Synchronization Bit
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(&) Top

9,8 Operation Mode
00 primary op mode
01 secondary op mode 1
10 secondary op mode 2
11 secondary op mode 3

7 Real-time Control Bit 2 S-0-302
6 Real-time Control Bit 1 S-0-300

5,4,3 DataBlock Element
000 Service channel not active,
001 IDN (number) of the op data
010 Name of operation data
011 Attribute of op data
100 Units of op data
101 Min input value
110 Max input value
111 Operation data

2 0 Transmission in progress
1 Last transmission

1 0 Read serviceinfo
1 Write serviceinfo

0 Master Service Transport
Handshake

Defined byS-0-32
Defined by S-0-33
Defined by S-0-34
Defined by S-0-35

-Close service channel or break a
transmission in progress - The service
channel is closed for the previous IDN and
opened for anew IDN.

A toggle bit

Amplifier Telegram

During Phase 2, the Slave sends an Amplifier Telegram (AT) only when it receives a Master Data
Telegram (MDT) that contains that Slave's address. The AT contains one Data Record where the
length of the Data Block is 0, i.e., the data block is empty. During Phase 2, the Master sends data to
each Slave viathe Service Channel.

During Phases 3 and 4, each Slave sends an Amplifier Telegram (AT) every SERCOS cycle, at the
time designated by the Master during Phase 2. The AT Message Field contains one Data Record,
where the length of the Data Block (inside that Data Record) is determined by the data fields
configured by the Master during Phase 2. The data fields within the Data Block usually contain
feedback and status information.

During Phases 3 and 4, datais sent to the Master by using the Data Blocks (cyclic) or the Service
Channél (non-cyclic).
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1 byte 1 byle Up to 20 bytes 1byte  1byte
ADR Data Record for
BOF drivie xx Dirive xx FCS| EOF

— Service Channal ———
. Operation Data
Status Word Service Info Cyclic
2 byles 2 bytes

DN list is defined by 5-0-16

in any single Al cycho data partion, the st o q 5. (-3 P-0- P-0- P-0-
of IDNs (which IDNs, and the order of the Nsl) Byte 1 Byte 2 By-t%yw 3,.135?3" Eyl?l:ry
15 defined by 5-0-18

be——Flement 7 1 L Element 7

Speed, torque or posifion measurements
Field Size (bytes) Description

BOF 1 Beginning of Frame.

The BOF marks the start of atelegram.

ADR 1 sends address.

Status 2 Control word for drive n. Contains operational data.

Service Info 2 Contains the non-cyclic datafor drive n.

Operation Data Variable*  Containsthe cyclic datafor drive n.

FCS 2 Frame check sequence. Contains circular
redundancy check (CRC) info.

EOF 1 End of Frame, which isaways 0111 1110. The EOF
marks the end of the telegram.

* The length of the Operation Data field is determined during Phase 2.

Bit Name & Value M or e Detail

15,14 Ready to operate
00 drive not ready for power-up
01 drive ready for power-up
10 drive power ready
11 drive ready to operate

13 Drive Shutdown Error, Class 3 Diags
12 Change Bit for Class 2 Diags

11 Change Bit for Class 3 Diags

9,8 Actual Operation Mode

00 primary op mode Defined by S-0-32
01 secondary op mode 1 Defined by S-0-33
@ TOP 10 secondary op mode 2 Defined by S-0-34
11 secondary op mode 3 Defined by S-0-35
6 Real-time Status Bit 1 See S-0-304
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5 Change Bit Commands
0 No Change in Command Status
1 Changing Command Status

4, 3 Reserved

2 Error O No Error 1 Error in Service Error messageisin drive's Service
Channel Channel.

1 Busy 0 Step Finished 1 Step in Progress
Master Service Transport Handshake A Toggle bit
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Sercos- Application Topologies

Control Unit

SERCOS

A Sercos object represents a
Master on the SERCOS ning.

Master #2

MoDE

>

A Node object represents a Slave Node on
the SERCOS nng, which is lypically either
a drive ar an I¥0 module.

[s -X-XXXX (Standard IDNs)

/ OR
P35

(Manufacturer-specific IDNs)

IDN
An ldn object is simply a
container for a SERCOS
DN
SERCOS |====|  |pN 1
- lom 2
A Sercos object lon 3
keeps a list of lon 4
Node objects.

MoDE 3

IDNLIST  |==== lon 1

lon 2

An IdnList object Ion 3

keeps a list of loN 4
Idns.

hm s mms lonLIST EmEm lon 1

- - low 2

An ldnList object is Ion 3

always associated IDN &

with a Node.
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